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TECHNIQUES FOR PARTITION PRUNING 

CLAIM OF PRIORITY 

This application is a continuation of US. patent applica 
tion Ser. No. 11/124,454, Which Was ?led on May 4, 2005, 
issued as US. Pat. No. 7,814,104 on Oct. 12, 2010, and is 
incorporated herein by reference as if fully set forth herein 
under 35 USC §120. 

FIELD OF THE INVENTION 

The present invention relates to accessing data stored in 
partitioned objects and, more speci?cally, techniques for per 
forming partition pruning. 

BACKGROUND 

In conventional relational database tables, roWs are 
inserted into a table Without regard to any type of ordering. 
Consequently, When a user submits a query that selects data 
from the table based on a particular value or range of values, 
the entire table has to be scanned to ensure that all roWs that 
satisfy the criteria are identi?ed. 

Partitioning is a technique that, in certain situations, avoids 
the need to search an entire table (or other database object). 
With partitioning, an object, such as a database table, is 
divided up into sub-tables, referred to as “partitions”. The 
most common form of partitioning is referred to as range 
partitioning. With range partitioning, each individual parti 
tion corresponds to a particular range of values for one or 
more columns of the table. 

Typically, the criteria used to partition a database object is 
speci?ed in the statement that creates the database object. For 
example, the folloWing Structured Query Language (SQL) 
statement creates a table “sales” that is range partitioned 
based on date values contained in a column named “saledate”: 

create table sales 

(saledate DATE, 
productid NUMBER, 
partition by range (saledate) 

partition sal94Q1 values less than toidate (yy-mm-dd, 
‘94-04-01’) 
partition sal94Q2 values less than toidate (yy-mm-dd, 
‘94-07-01’) 
partition sal94Q3 values less than toidate (yy-mm-dd, 
‘94-10-01’) 
partition sal94Q4 values less than toidate (yy-mm-dd, 
‘95-01-01’) 

Execution of this statement creates a table named “sales” 

that includes four partitions: sal94Q1, sal94Q2, sal94Q3, and 
sal94Q4. Each partition has “bounds” that dictate Which roWs 
are stored in the partition. The bounds of a partition typically 
correspond to a range of partition key values. 

For example, in the “sales” table de?ned above, the parti 
tion key is saledate, and the partition named sal94Q1 includes 
all roWs that have a date less than 94-04-01 in their saledate 
column. Similarly, the partition named sal94Q2 includes all 
roWs that have a date greater than or equal to 94-04-01 but less 
than 94-07-01 in their saledate column. The partition named 
sal94Q3 includes all roWs that have a date greater than or 
equal to 94-07-01 but less than 94-10-01 in their saledate 
column. The partition named sal94Q4 includes all roWs that 
have a date greater than or equal to 94-10-01 but less than 
95-01-01 in their saledate column. 
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2 
When a database server receives a request to perform an 

operation, the database server makes a plan of hoW to execute 
the query. If the operation involves accessing a partitioned 
object, part of making the plan involves determining Which 
partitions of the partitioned object, if any, can be excluded 
from the plan (i.e. Which partitions need not be accessed to 
execute the query). The process of excluding partitions from 
consideration during the execution of a query that accesses a 
partitioned object is referred to as “partition pruning”. 

Unfortunately, conventional pruning techniques can only 
be applied to a limited set of statements. For example, the 
database server can perform partition pruning When the state 
ment received by the database server explicitly limits itself to 
a partition or set of partitions. Thus, the database server can 
exclude from the execution plan of the statement “select * 

from sales PARTITION(sal94Q1)” all partitions of the sales 
table other than the sal94Q1 partition. 
The database server can also perform partition pruning on 

statements that do not explicitly limit themselves to particular 
partitions, but Which select data based on the same criteria 
that Was used to partition the partitioned object. For example, 
the statement: 

select * from sales Where saledate betWeen (94-04-01) and 

(94-06-1 5) 
does not explicitly limit itself to particular partitions. HoW 

ever, because the statement limits itself based on the same key 
(saledate) that Was used to partition the sales table, the data 
base server is able to determine, based on the selection criteria 
of the statement and the bounds of the partitions of the sales 
table, Which partitions need not be accessed during execution 
of the statement. In the present example, the database server 
Would be able to perform partition pruning that limits the 
execution plan of the statement to sal94Q2. 

Similarly, database servers can perform partition pruning 
for queries With WHERE clauses that (1) specify equalities 
that involve the partition key (e.g. Where saledate:94-02-05), 
(2) include IN lists that specify partition key values (eg 
Where saledate IN (94-02-05, 94-03-06)), and (3) include IN 
subqueries that involve the partition key (e. g. Where salesdate 
IN (select datevalue from T)). 

In the preceding examples, partition pruning is performed 
on queries that contain relatively simple predicates (equality 
predicates, range-based predicates, IN list predicates). HoW 
ever, because partition pruning can signi?cantly decrease the 
execution time of a query, it is desirable to provide techniques 
that enable database servers to perform partition pruning in 
situations Where the predicates of the queries are more com 
plex. 
The approaches described in this section are approaches 

that could be pursued, but not necessarily approaches that 
have been previously conceived or pursued. Therefore, unless 
otherWise indicated, it should not be assumed that any of the 
approaches described in this section qualify as prior art 
merely by virtue of their inclusion in this section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by Way of example, and 
not by Way of limitation, in the ?gures of the accompanying 
draWings and in Which like reference numerals refer to similar 
elements and in Which: 

FIG. 1 is a block diagram of a computer system upon Which 
embodiments of the invention may be implemented. 
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DETAILED DESCRIPTION 

In the following description, for the purposes of explana 
tion, numerous speci?c details are set forth in order to provide 
a thorough understanding of the present invention. It Will be 
apparent, hoWever, that the present invention may be prac 
ticed Without these speci?c details. In other instances, Well 
knoWn structures and devices are shoWn in block diagram 
form in order to avoid unnecessarily obscuring the present 
invention. 

OvervieW 

Techniques are described hereafter for performing parti 
tion pruning in situations Where previous database servers 
could not. Speci?cally, techniques are provided for (l) per 
forming partition pruning based on predicates that involve 
non-pre?x subsets of composite partitioning keys, (2) per 
forming partition pruning When a global index access path is 
used to execute a query, and (3) performing partition pruning 
When predicates on partitioning columns are OR-ed together. 

Composite Keys 

A composite key is a key composed of values from tWo or 
more columns (“key columns”). Values from those key col 
umns (“constituent key values”) are combined in a particular 
order to form a composite key value. For example, assume 
that a table has a column A and a column B. Assume further 
that a particular roW in the table includes a “5” in column A 
and a “7” in column B. If the composite key is de?ned as (A, 
B), then the composite key value for that particular roW is (5, 
7). On the other hand, if the composite key is de?ned as (B, 
A), then the composite key value for the same roW is (7, 5). 

The order of the keys is signi?cant When determining the 
relative order of composite key values. Speci?cally, the rela 
tive order is determined by comparing the constituent key 
values, from the highest order to the loWest order. Thus, the 
composite value (5, 90) is less than the composite value (6, 3). 
LoWer order constituent key values determine the order of 
composite key values only When the higher order constituent 
key values are the same. For example, (6, 3) is less than (6, 5). 

Composite keys can be composed of tWo or more key 
columns. For example, a composite key composed of ?ve key 
columns has the form (A, B, C, D, E), Where A, B, C, D, and 
E are key columns. A contiguous array of key columns that 
begins With the highest order key column of a composite key 
is referred to as a “pre?x” of the composite key. For example, 
(A), (A, B), (A, B, C), (A, B, C, D) and (A, B, C, D, E) are all 
pre?xes of the composite key (A, B, C, D, E). In contrast, (A, 
C) and (B) are not pre?xes of the composite key (A, B, C, D, 
E). 

Tables Partitioned on Composite Keys 

Techniques shall be described hereafter for performing 
partition pruning When (1) an object is partitioned based on a 
composite key, and (2) the query accessing the object has a 
predicate involves a non-pre?x subset of the composite key. 
According to one embodiment, the database server infers, 
from the partition de?nition of an object, the range of values 
that each partition is able to have for each of the key columns 
from Which the composite key is composed. The range of 
values a particular key may have in a particular partition is 
referred to herein as the “constituent-key-range” of that par 
ticular key for that particular partition. 
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4 
For example, consider a table tbl partitioned as de?ned by 

the statement: 

create table tbl ( a number, b number) partition by range ( a, b) 
(partition p0 values less than ( 5, 5), 
partition pl values less than ( 5, l0), 
partition p2 values less than ( 5, l5), 
partition p3 values less than ( l0, l5) ); 

In this example, the bounds of partition p0 are [(—00, —00), 
(5, 5)). Thus, partitionp0 includes (1) all roWs Where the value 
of columnA is less than 5, and (2) all roWs Where the value of 
columnA is equal to 5, and the value of column B is less than 
5. Consequently, Within partition p0, the values in column A 
can range from —00 to 5, and the values for column B can range 
from —00 to +00. Thus, for partition p0, the constituent-key 
range of column A is —00 to 5, and the constituent-key-range 
ofcolumn B is —00 to +00. 

The bounds of partition pl are [(5, 5), (5, 10)). Thus, 
partition pl includes all roWs Where the value of columnA is 
equal to 5 and the value of column B is greater than or equal 
5 but less than 10. Consequently, Within partition pl, the 
values in columnA can only be 5, and the values for column 
B can range from 5 to less than 10. Thus, for partition pl, the 
constituent-key-range of columnA is 5 to 5, and the constitu 
ent-key-range of column B is 5 to less than 10. 
The bounds of partition p2 are [(5, l0), (5, 15)). Thus, 

partition p2 includes all roWs Where the value of columnA is 
equal to 5 and the value of column B is greater than or equal 
10 but less than 15. Consequently, Within partition p2, the 
values in columnA can only be 5, and the values for column 
B can range from 10 to less than 15. Thus, for partition p2, the 
constituent-key-range of columnA is 5 to 5, and the constitu 
ent-key-range of column B is 10 to less than 15. 
The bounds of partition p3 are [(5, l5), (10, 15)). Thus, 

partition p3 includes (1) all roWs Where the value of columnA 
is greater than 5 and less than 10, (2) all roWs Where the value 
of columnA is equal to 5 and the value of column B is greater 
than or equal 15, and (3) all roWs Where the value of column 
A is equal to 10 and the value of column B is less than 15. 
Consequently, Within partition pl, the values for column A 
can range from 5 to 10, and the values for column B can range 
from —00 to +00. Thus, for partition p3, the constituent-key 
range of columnA is 5 to 10, and the constituent-key-range of 
column B is —00 to +00. 

The folloWing table summarizes the constituent-key-range 
each partition may have for each key column of the composite 
key: 

TABLE 1 

Constituent-Key-Range Constituent-Key-Range 
Partition for Column A for Column B 

P0 -00 to 5 -oo to +00 

Pl 5 5to less than 10 
P2 5 10 to less than 15 
P3 5 to 10 —00 to +00 

According to one embodiment, When a database server 
executes a query against an object that is partitioned on a 
composite key, the database server performs partition pruning 
that takes into account all predicates that involve key columns 
of the composite key, even if the predicates do not involve a 
pre?x of the composite key. For example, assume that table 
tbl is partitioned as described above. Assume further that the 
database receives a query in the form: 
select * from tbl Where B<5; 
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In this example, the predicate only speci?es a condition on 
column B. Since the table tbl is partitioned on the composite 
key (A, B), column B is not a pre?x of the composite key. 
Nevertheless, the database server compares the condition 
B<5 against the constituent-key-range for column B of the 
partitions of tbl to determine Which partitions may be pruned 
during execution of that query. In the present example, it is 
only possible for partitions p0 and p3 to contain data items 
that Would satisfy the condition B<5. Therefore, partitions pl 
and p2 are pruned by the database server prior to execution of 
the query. 

TWo-Phase Partition Pruning 

A partition pruning operation categorizes the partitions of 
an object as either “pruned” or “not-pruned”, relative to a 
particular query. Pruned partitions are partitions that cannot 
possibly contain data items that satisfy the conditions speci 
?ed in the predicate of the query, and therefore do not have to 
be read during execution of the query. The not-pruned parti 
tions may or may not have data items that satisfy the query. 

According to one embodiment, partition pruning is per 
formed both at the time a query is compiled (“compile-time 
pruning”) and at the time that the query is executed (“execu 
tion-time pruning”). In one embodiment, the database server 
uses a relatively quick and coarse pruning analysis during 
compile-time pruning. During execution-time pruning, the 
database serverperforms a more rigorous pruning analysis on 
each of the partitions that Was not pruned during the compile 
time pruning operation. 

Compile-Time Pruning 

In an embodiment that uses tWo-phase pruning, during the 
compile-time pruning, the database server identi?es an upper 
bound partition and a loWer bound partition. The loWer bound 
and upper bound partitions de?ne a contiguous range of par 
titions (a “not-pruned range”). All partitions that fall outside 
the not-pruned range are considered pruned. 

To determine the not-pruned range, the database server 
compares (l) predicates involving a pre?x of the composite 
key against (2) the bounds of the partitions. The highest 
partition that can possibly contain data items that satisfy the 
query is selected as the upper bound partition. The loWest 
partition that can possibly contain data items that satisfy the 
query is selected as the loWer bound partition. Data that 
identi?es the not-pruned range is then stored at compile time 
for later use by the database server at execution time. 

For example, consider a composite key partitioned tabled 
de?ned as folloWs: 

create table tb2 ( a number, b number) partition by range ( a, b) 
(partition p0 values less than (5, 5), 
partition pl values less than ( 5, l0), 
partition p2 values less than ( 5, l5), 
partition p3 values less than ( l0, 5), 
partition p4 values less than ( l0, l0) ); 

Assume that the database server receives the folloWing 
query: 
select * from tb2 Where A<6 and B<5; 

Table tb2 is partitioned based on the composite partition 
key (A, B). Key column (A) is a pre?x of the composite 
partition key. Therefore, the condition “A<6” involves a pre 
?x of the composite key. According to one embodiment, the 
database server applies the condition “A<6” against the 
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6 
bounds of the partitions of tb2. As a result, the not-pruned 
range is established as p0 through p3. Partition p4 Would be 
excluded because the loWer bound of p4 (i.e. l0, 5) does not 
satisfy the condition “A<6”. 
According to an alternative embodiment, the database 

server derives the predicate “(A, B)<(6, 5)” from the query’s 
actual predicate “A<6 and B<5”. This derived predicate can 
then be easily compared against the bounds of the partitions to 
identify the upper bound and loWer bound partitions of the 
not-pruned range. Use of this derived predicate yields the 
same not-pruned range of p0 through p3. 
As shall be described in greater detail hereafter, predicates 

that involve loWer-ordered key columns of the composite 
partitioning key are stored for later consideration during the 
execution-time pruning. In the present example, the database 
server Would store the predicate “B<5”. 

Execution-Time Pruning 

After compile-time pruning, the not-pruned range may still 
include some partitions that cannot possibly satisfy the query. 
During execution-time pruning, the database server performs 
a more rigorous pruning analysis on each of the partitions 
Within the not-pruned range. In the execution-time pruning, 
the database server compares (l) the constituent-key-ranges 
associated With each of the partitions in the not-pruned range 
With (2) the stored predicates, in an attempt to further reduce 
the number of not-pruned partitions. For example, the com 
pile-time pruning may prune partitions based on predicates 
that involve the loWer-order key columns of a composite 
partitioning key. After the execution-time pruning, the list of 
remaining not-pruned partitions may be non-contiguous. 

Continuing With the example given above, the database 
server reads the stored predicate “B<5” and compares the 
predicate against the constituent-key-range for column B of 
each of the partitions in the not-pruned range (p0 to p3). 
Based on these comparisons, the database server Would deter 
mine that it is not possible for data items in pl and p2 to satisfy 
the predicate “B<5”. Therefore, pl and p2 Would be pruned, 
leaving only partitions p0 and p3. Consequently, during the 
execution of the query, only partitions p0 and p3 are read by 
the database server. 

Performing pruning in tWo phases in this manner balances 
the performance considerations With storage considerations. 
For example, the amount of data required to identify a not 
pruned range may be signi?cantly less than the amount of 
data required to identify each individual not-pruned partition. 
Thus, because only the not-pruned range is identi?ed in the 
compile-time pruning, only a small amount of data needs to 
be stored betWeen query executions. Further, because a more 
thorough pruning analysis is performed before executing the 
query, the performance of the query may be signi?cantly 
better than Would result if only compile-time pruning Were 
performed. 

TWo-phase performance of partition pruning is merely one 
example of hoW the partition pruning techniques described 
herein may be implemented. In alternative embodiments, all 
partition pruning may be performed at compile time, or all 
partition pruning may be performed at execution time. The 
pruning techniques described herein are therefore not limited 
to embodiments that perform pruning in multiple phases. 

Pruning When a Global Index Access Path is Used 

When processing queries that have predicates that involve 
an indexed column, the database server has to decide Whether 
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to use the index during execution of the query. For example, 
consider a table tb3 de?ned as follows: 

create table tb3 (a number, b number) partition by range (a) 
(partition p0 values less than (5), 
partition pl values less than (10)); 

Assume that an index has been built on column b, as fol 
loWs: 
create index idxl on tb3 (b) global 

If the database server receives the following query 
select * from tb3 Where a<5 and b:5; 

the database server must determine Whether to use the 
index of column b to ansWer the query. With prior database 
servers, if the database server chooses to use index idxl, then 
the database server may fail to determine that only partition 
p0 needs to be accessed. Instead, the index Would be used to 
obtain the roW identi?ers (“roWids”) of all roWs Where b:5. 

For each roWid returned from the index, the database server 
Would probe into the table tb3, and then use the predicate on 
column “a<5” to eliminate roWs. The probes into partition pl 
are Wasteful, since all roWs Within partition pl Will be elimi 
nated by the predicate “a<5”. 

According to one embodiment, even When the database 
server selects an execution plan that uses the index idxl, the 
predicate “a<5” is stored With the execution plan. During 
execution of the query, the predicate “a<5” is compared 
against the bounds of the partitions of table tb3, to determine 
Which partitions of tb3 could possibly contain data items that 
satisfy the condition “a<5”. In this example, it is only possible 
for partition p0 to contain data items that satisfy the condition 
“a<5”. Therefore, When the index returns a roWid that Would 
cause a probe into partition pl, the roWid is discarded Without 
performing the probe, and another roWid is fetched from the 
index. 

Pruned-Partitioned Bit Vector 

According to one embodiment, When the database server 
decides to use an execution plan that uses a global index 
access path, the database server saves predicate information, 
Which identi?es one or more predicates of the query, With the 
execution plan. 

During execution of the plan, the database server uses the 
stored predicate information to build a bit vector to identify 
Which partitions are pruned out. For example, each partition 
may have a corresponding bit in the bit vector. If the database 
server determines, based on the predicate information, that a 
particular partition cannot possibly satisfy the condition, then 
the bit, Within the bit vector, that corresponds to that particular 
partition is set to one value (e.g. 0). OtherWise, the corre 
sponding bit is set to a different value (e.g. 1). 

After the bit vector has been set in this manner, the bit 
vector may be used to quickly determine Which partitions 
have been pruned out. Speci?cally, When the index returns a 
roWid, the database server determines, based on the roWid, the 
partition in Which the roW resides. The database server then 
inspects the bit vector to determine Whether that partition has 
been pruned. If the partition has been pruned, then the roWid 
is discarded Without probing into the partition. OtherWise, the 
database server probes into the partition, retrieves the roW, 
and determines Whether to discard the roW based on Whether 
the roW satis?es all of the conditions speci?ed in the query. 

Pruning in the Presence of “OR” Predicates 

The predicate of a query may contain any number of con 
ditions. Typically, the conditions are combined togetherusing 
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8 
Boolean operators to form a Boolean expression. Prior data 
base servers typically employed pruning mechanisms that 
identi?ed a single contiguous not-pruned range based on such 
expressions. Consequently, it Was common for such pruning 
mechanism to not prune partitions that could be pruned, par 
ticularly for queries that combine conditions using the Bool 
ean operator “OR”. 

For example, consider the table tb4 de?ned as folloWs: 

create table tb4 (a number, b number) partition by range (a) 
(partition p0 values less than (5), 
partition pl values less than (10), 
partition p2 values less than (15)); 

In prior systems, a query such as: 
select * from tbl Where a<5 or a>l 1; 
Would cause the database server to establish a not-pruned 

range of p0 to p2, since p0 is the loWer bound partition for the 
expression “a<5 or a>l l”, and p2 is the upper bound partition 
for the expression “a<5 or a>l l”. Because the not-pruned 
range is p0 to p2, the database server Would access all of the 
partitions of tb4, even though partition pl could not possibly 
satisfy the expression “a<5 or a>l I’’. 
To avoid this situation, a pruning mechanism is provided 

Which traverses the “OR” chains at compile time to ?nd all 
predicates on partitioning columns. If predicates on partition 
ing columns are present in all OR branches, then pruning is 
possible, and the predicate information of the query is saved. 
When the query is executed, the predicate information is 

inspected, and a not-pruned set is determined for each OR 
predicate. The not-pruned sets thus produced are then com 
bined (“ORed”) to create a composite not-pruned set for the 
entire expression. Partitions that are not in the composite 
not-pruned set are then pruned during execution of the query. 

For example, during compile time, the database server 
Would determine that the expression “a<5 or a>l l” includes 
predicates on the partitioning column of tb4 in all OR 
branches of the predicate. Therefore, the predicate informa 
tion Would be saved. During execution time, the database 
server Would read the saved predicate information, and deter 
mine the constituent OR predicates. In this example, the 
expression “a<5 or a>l l” includes the OR predicate “a<5” 
and the OR predicate “a>l I’’. For the OR predicate “a<5”, the 
database server Would generate a not-pruned set that Would 
include only partition p0 of tb4. For the OR predicate “a>l l”, 
the database server Would generate a not-pruned set that 
Would include only partition p2 of tb4. The union of the tWo 
not-pruned sets Would yield a composite not-pruned set that 
includes p0 and p2, but not pl. The composite not-pruned set 
Would be used to exclude pl from consideration during 
execution of the query. 

Identifying the Branches 

The saved predicate information may represent an arbi 
trarily complex tree of predicates. According to one embodi 
ment, at execution time, the predicate tree is converted into a 
DNF (disjunctive normal form) tree. Each branch of a DNF 
tree is a predicate that is combined With other predicates using 
the OR operator. 

For example, assume that a predicate has the form “AAND 
(B OR C)”. When converted to DNF form, the same predicate 
is “(A AND B) OR (A AND C)”. The neW predicate “(AAND 
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B) OR (A AND C)” represents the same logic as “A AND (B 
OR C)”, but represents that logic as a series of ORed predi 
cates. 

For each of the branches of the DNF tree, the database 
server (1) builds a separate partition pruning descriptor, (2) 
creates a bit vector to represent the list of not-pruned parti 
tions for the branch, and (3) sets the bits in the bit vector based 
on the partition pruning descriptor. The bit vectors are then 
ORed together to create a composite bit vector that indicates 
the not-pruned set of partitions for the query. 
HardWare Overview 

FIG. 1 is a block diagram that illustrates a computer system 
100 upon Which an embodiment of the invention may be 
implemented. Computer system 100 includes a bus 102 or 
other communication mechanism for communicating infor 
mation, and a processor 104 coupled With bus 102 for pro 
cessing information. Computer system 100 also includes a 
main memory 106, such as a random access memory (RAM) 
or other dynamic storage device, coupled to bus 102 for 
storing information and instructions to be executed by pro 
cessor 104. Main memory 106 also may be used for storing 
temporary variables or other intermediate information during 
execution of instructions to be executed by processor 104. 
Computer system 100 further includes a read only memory 
(ROM) 108 or other static storage device coupled to bus 102 
for storing static information and instructions for processor 
104. A storage device 110, such as a magnetic disk or optical 
disk, is provided and coupled to bus 102 for storing informa 
tion and instructions. 

Computer system 100 may be coupled via bus 102 to a 
display 112, such as a cathode ray tube (CRT), for displaying 
information to a computer user. An input device 114, includ 
ing alphanumeric and other keys, is coupled to bus 102 for 
communicating information and command selections to pro 
cessor 104. Another type of user input device is cursor control 
116, such as a mouse, a trackball, or cursor direction keys for 
communicating direction information and command selec 
tions to processor 104 and for controlling cursor movement 
on display 112. This input device typically has tWo degrees of 
freedom in tWo axes, a ?rst axis (e.g., x) and a second axis 
(e. g., y), that alloWs the device to specify positions in a plane. 
The invention is related to the use of computer system 100 

for implementing the techniques described herein. According 
to one embodiment of the invention, those techniques are 
performed by computer system 100 in response to processor 
104 executing one or more sequences of one or more instruc 

tions contained in main memory 106. Such instructions may 
be read into main memory 106 from another machine-read 
able medium, such as storage device 110. Execution of the 
sequences of instructions contained in main memory 106 
causes processor 104 to perform the process steps described 
herein. In alternative embodiments, hard-Wired circuitry may 
be used in place of or in combination With softWare instruc 
tions to implement the invention. Thus, embodiments of the 
invention are not limited to any speci?c combination of hard 
Ware circuitry and softWare. 

The term “machine-readable medium” as used herein 
refers to any medium that participates in providing data that 
causes a machine to operation in a speci?c fashion. In an 
embodiment implemented using computer system 100, vari 
ous machine-readable media are involved, for example, in 
providing instructions to processor 104 for execution. Such a 
medium may take many forms, including but not limited to, 
non-volatile media, volatile media, and transmission media. 
Non-volatile media includes, for example, optical or mag 
netic disks, such as storage device 110. Volatile media 
includes dynamic memory, such as main memory 106. Trans 
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10 
mission media includes coaxial cables, copper Wire and ?ber 
optics, including the Wires that comprise bus 102. Transmis 
sion media can also take the form of acoustic or light Waves, 
such as those generated during radio -Wave and infra-red data 
communications. 
Common forms of machine-readable media include, for 

example, a ?oppy disk, a ?exible disk, hard disk, magnetic 
tape, or any other magnetic medium, a CD-ROM, any other 
optical medium, punchcards, papertape, any other physical 
medium With patterns of holes, a RAM, a PROM, and 
EPROM, a FLASH-EPROM, any other memory chip or car 
tridge, a carrier Wave as described hereinafter, or any other 
medium from Which a computer can read. 

Various forms of machine-readable media may be involved 
in carrying one or more sequences of one or more instructions 

to processor 104 for execution. For example, the instructions 
may initially be carried on a magnetic disk of a remote com 
puter. The remote computer can load the instructions into its 
dynamic memory and send the instructions over a telephone 
line using a modem. A modern local to computer system 100 
can receive the data on the telephone line and use an infra-red 
transmitter to convert the data to an infra-red signal. An 
infra-red detector can receive the data carried in the infra-red 
signal and appropriate circuitry can place the data on bus 102. 
Bus 102 carries the data to main memory 106, from Which 
processor 104 retrieves and executes the instructions. The 
instructions received by main memory 106 may optionally be 
stored on storage device 110 either before or after execution 
by processor 104. 

Computer system 100 also includes a communication 
interface 118 coupled to bus 102. Communication interface 
118 provides a tWo-Way data communication coupling to a 
netWork link 120 that is connected to a local netWork 122. For 
example, communication interface 118 may be an integrated 
services digital netWork (ISDN) card or a modem to provide 
a data communication connection to a corresponding type of 
telephone line. As another example, communication interface 
118 may be a local area netWork (LAN) card to provide a data 
communication connection to a compatible LAN. Wireless 
links may also be implemented. In any such implementation, 
communication interface 118 sends and receives electrical, 
electromagnetic or optical signals that carry digital data 
streams representing various types of information. 
NetWork link 120 typically provides data communication 

through one or more netWorks to other data devices. For 
example, netWork link 120 may provide a connection through 
local netWork 122 to a host computer 124 or to data equip 
ment operated by an Internet Service Provider (ISP) 126. ISP 
126 in turn provides data communication services through the 
World Wide packet data communication netWork noW com 
monly referred to as the “Internet” 128. Local netWork 122 
and Internet 128 both use electrical, electromagnetic or opti 
cal signals that carry digital data streams. The signals through 
the various netWorks and the signals on netWork link 120 and 
through communication interface 118, Which carry the digital 
data to and from computer system 100, are exemplary forms 
of carrier Waves transporting the information. 
Computer system 100 can send messages and receive data, 

including program code, through the netWork(s), netWork 
link 120 and communication interface 118. In the Internet 
example, a server 130 might transmit a requested code for an 
application program through Internet 128, ISP 126, local 
netWork 122 and communication interface 118. 
The received code may be executed by processor 104 as it 

is received, and/or stored in storage device 110, or other 
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non-volatile storage for later execution. In this manner, com 
puter system 100 may obtain application code in the form of 
a carrier Wave. 

In the foregoing speci?cation, embodiments of the inven 
tion have been described With reference to numerous speci?c 
details that may vary from implementation to implementa 
tion. Thus, the sole and exclusive indicator of What is the 
invention, and is intended by the applicants to be the inven 
tion, is the set of claims that issue from this application, in the 
speci?c form in Which such claims issue, including any sub 
sequent correction. Any de?nitions expressly set forth herein 
for terms contained in such claims shall govern the meaning 
of such terms as used in the claims. Hence, no limitation, 
element, property, feature, advantage or attribute that is not 
expressly recited in a claim should limit the scope of such 
claim in any Way. The speci?cation and draWings are, accord 
ingly, to be regarded in an illustrative rather than a restrictive 
sense. 

What is claimed is: 
1. A computer-implemented method of partition pruning, 

comprising: 
receiving a query that requests retrieval of data items from 

a partitioned object that is partitioned into a plurality of 
partitions based, at least in part, on partitioning criteria; 

Wherein the partitioning criteria associates, for each parti 
tion of the plurality of partitions, a different set of one or 
more key values With said each partition; 

Wherein the partitioning criteria establishes an order of the 
plurality of partitions; 

identifying a plurality of conditions speci?ed in a predicate 
of the query, Wherein: 
the plurality of conditions includes a ?rst condition and 

a second condition that speci?es a non-equality con 

dition, 
the ?rst condition and the second condition are com 

bined using an OR operation, 
the ?rst condition corresponds to a ?rst set of one or 
more key values and the second condition corre 
sponds to a second set of key values, and 

none of the one or more key values in the ?rst set is in the 
second set of key values; 

based on the plurality of conditions, determining a non 
contiguous set of not-pruned partitions; 

Wherein a particular partition, of the plurality of partitions, 
(a) is not a member of said non-contiguous set of not 
pruned partitions and (b) is betWeen tWo partitions of the 
set of not-pruned partitions based on the order of the 
plurality of partitions; and 

during execution of the query, only accessing data items in 
partitions of said partitioned object that reside in parti 
tions that are members of said non-contiguous set of 
not-pruned partitions; 

Wherein the method is performed by one or more comput 
ing devices. 

2. The method of claim 1, Wherein: 
the method further includes, prior to determining the non 

contiguous set of not-pruned partitions, pruning one or 
more partitions of the partitioned object to establish a 
contiguous set of not-pruned partitions; and 

the step of determining a non-contiguous set of not-pruned 
partitions is performed by pruning one or more parti 
tions from the contiguous set of not-pruned partitions. 

3. The method of claim 2, Wherein: 
the step of pruning one or more partitions of the partitioned 

object to establish a contiguous set of not-pruned parti 
tions is performed When the query is compiled; and 

12 
the step of determining a non-contiguous set of not-pruned 

partitions is performed When the query is executed. 
4. The method of claim 1, Wherein the query does not 

include an IN list and does not explicitly reference partitions. 
5 5. The method of claim 1, Wherein the query includes an IN 

list and does not explicitly reference partitions. 
6. The method of claim 1, Wherein the step of determining 

the non-contiguous set of not-pruned partitions includes: 
constructing a ?rst bit vector for the ?rst condition, 

Wherein the ?rst bit vector indicates a ?rst not-pruned set 
of partitions for the ?rst condition; 

constructing a second bit vector for the second condition, 
Wherein the second bit vector indicates a second not 
pruned set of partitions for the second condition; and 

performing a union betWeen the bit vectors to generate a 
composite bit vector that represents said non-contiguous 
set of not-pruned partitions. 

7. The method of claim 1, Wherein: 
the plurality of conditions includes a third condition that is 

combined With the ?rst and second conditions With an 
AND operation; 

determining a non-contiguous set of not-pruned partitions 
comprises converting the predicate into a disjunctive 
normal form; and 

the logic of the predicate of the query is the same as the 
logic of the converted predicate. 

8. The method of claim 7, Wherein: 
the converted predicate comprises a plurality of branches, 

each of Which is separated by an OR operation and 
corresponds to one or more conditions in the plurality of 

conditions; 
the method further comprising: 

for each branch of the plurality of branches: 
creating a bit vector, and 
setting one or more bits in the bit vector based on the 

one or more conditions that correspond to said each 

branch; 
performing a union betWeen each of the bit vectors to 

generate a composite bit vector; and 
the composite bit vector indicates the non-contiguous set 

of not-pruned partitions. 
9. One or more machine-readable storage media storing 

instructions Which, When executed by one or more proces 
45 sors, cause: 

receiving a query that requests retrieval of data items from 
a partitioned object that is partitioned into a plurality of 
partitions based, at least in part, on partitioning criteria; 

Wherein the partitioning criteria associates, for each parti 
tion of the plurality of partitions, a different set of one or 
more key values With said each partition; 

Wherein the partitioning criteria establishes an order of the 
plurality of partitions; 

identifying a plurality of conditions speci?ed in a predicate 
of the query, Wherein: 
the plurality of conditions includes a ?rst condition and 

a second condition that speci?es a non-equality con 

dition, 
the ?rst condition and the second condition are com 

bined using an OR operation, 
the ?rst condition corresponds to a ?rst set of one or 
more key values and the second condition corre 
sponds to a second set of key values, and 

none of the one or more key values in the ?rst set is in the 
second set of key values; 

based on the plurality of conditions, determining a non 
contiguous set of not-pruned partitions; and 
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wherein a particular partition, of the plurality of partitions, 
(a) is not a member of said non-contiguous set of not 
pruned partitions and (b) is betWeen tWo partitions of the 
set of not-pruned partitions based on the order of the 
plurality of partitions; and 

during execution of the query, only accessing data items in 
partitions of said partitioned object that reside in parti 
tions that are members of said non-contiguous set of 
not-pruned partitions. 

10. The one or more machine-readable storage media of 
claim 9, Wherein: 

the instructions, When executed by the one or more proces 
sors, further cause, prior to determining the non-con 
tiguous set of not-pruned partitions, pruning one or more 
partitions of the partitioned object to establish a contigu 
ous set of not-pruned partitions; and 

determining a non-contiguous set of not-pruned partitions 
is performed by pruning one or more partitions from the 
contiguous set of not-pruned partitions. 

11. The one or more machine-readable storage media of 
claim 10, Wherein: 

pruning one or more partitions of the partitioned object to 
establish a contiguous set of not-pruned partitions is 
performed When the query is compiled; and 

determining a non-contiguous set of not-pruned partitions 
is performed When the query is executed. 

12. The one or more machine-readable storage media of 
claim 9, Wherein the query does not include an IN list and 
does not explicitly reference partitions. 

13. The one or more machine-readable storage media of 
claim 9, Wherein the query includes an IN list and does not 
explicitly reference partitions. 

14. The one or more machine-readable storage media of 
claim 9, Wherein determining the non-contiguous set of not 
pruned partitions includes: 

constructing a ?rst bit vector for the ?rst condition, 
Wherein the ?rst bit vector indicates a ?rst not-pruned set 
of partitions for the ?rst condition; 

constructing a second bit vector for the second condition, 
Wherein the second bit vector indicates a second not 
pruned set of partitions for the second condition; and 

performing a union betWeen the ?rst and second bit vectors 
to generate a composite bit vector that represents said 
non-contiguous set of not-pruned partitions. 

15. The one or more machine-readable storage media of 
claim 9, Wherein: 
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14 
the plurality of conditions includes a third condition that is 

combined With the ?rst and second conditions With an 
AND operation; 

determining a non-contiguous set of not-pruned partitions 
comprises converting the predicate into a disjunctive 
normal form; and 

the logic of the predicate of the query is the same as the 
logic of the converted predicate. 

16. The one or more machine-readable storage media of 
claim 15, Wherein: 

the converted predicate comprises a plurality of branches, 
each of Which is separated by an OR operation and 
corresponds to one or more conditions in the plurality of 

conditions; 
the instructions, When executed by the one or more proces 

sors, further cause: 
for each branch of the plurality of branches: 

creating a bit vector, and 
setting one or more bits in the bit vector based on the 

one or more conditions that correspond to said each 

branch; 
performing a union betWeen each of the bit vectors to 

generate a composite bit vector; and 
the composite bit vector indicates the non-contiguous set 

of not-pruned partitions. 
17. The method of claim 1, Wherein: 
determining the non-contiguous set of not-pruned parti 

tions comprises determining, based on the ?rst condi 
tion, a ?rst not-pruned set of one or more partitions and 
determining, based on the second condition, a second 
not-pruned set of one or more partitions; 

the method further comprises combining the ?rst and sec 
ond not-pruned sets to create the non-contiguous set of 
not-pruned conditions. 

18. The one or more machine-readable storage media of 
claim 9, Wherein: 

determining the non-contiguous set of not-pruned parti 
tions comprises determining, based on the ?rst condi 
tion, a ?rst not-pruned set of one or more partitions and 
determining, based on the second condition, a second 
not-pruned set of one or more partitions; 

the instructions, When executed by the one or more proces 
sors, further cause combining the ?rst and second not 
pruned sets to create the non-contiguous set of not 
pruned conditions. 

* * * * * 


